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Motivation

x Electroweak symmetry breaking — determines flavor

Why B Physics? - It's got it alll

structure: CKM matrix, CP violation, FCNC's

x QCD Modeling: production, spectroscopy, masses,
lifetimes, decays — Challenges lattice gauge, Heavy
Quark Effective Theory, strong symmetries

x Search for new physics — rare decays and
Why aT the Teva‘rron’)
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— Complemen’rary to Y(4S) B factories

@ . v



Tevatron
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Luminosity [fo]

Tevatron continues to perform wel

Over 3.9fb-! delivered and 3.4fb"!
recorded by each experiment, 2.8f
analysed

Peak luminosities of ~3 x1032cm2 ¢
— up to 10 interactions

DEJ  run i integrated Luminosity - April 2002 — April 2C
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Detectors
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Forward Calorimeter (E)

Luminosity Monitor

Time of Flight
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Relevant for B physics:

D@ Tracker: excellent coverage

& vertexing
xSilicon & scintillating fiber
xSmall radii, but extending to Inl <2

xNew Layer 0 silicon on beam pipe in 2006,

improving impact para. resol.

xTriggered muon coverage: Inl <2

x E.g.triggers: dimuons, single muons,
track disnlacement @ L2

entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

CDF Tracker: excellent mass resolution

& vertexing
xSilicon, Layer 00
x|_arge radii drift chamber, many hits, excellent
momentum resolution
xdE/dx (and TOF): particle id
xTriggered muon coverage: Inl <1

xE.g.triggers: dimuons, lepton + displ. track,
two disnlaced tracks




Mixing and Oscillations

} Weak Eigenstates propagate according to Schrodinger:

N\ / - N7 N
g 0 _ i _ I_EE 0
A B I e T |
;;_:.-:'- dt Bn M;_ 1_1_'12 M B i Bﬁ
S| Diagonalize \ / \ 2 2 /N /
< — —
CP Eigenstates: 1B = |B%+ |B% |B™") = |B%- |B%
Y Mass Eigenstates: |BYY = p|B® +q|B° |B-) = p|B°-qg|B%
Heavy Light

Mass Difference:

slow oscillatior
Am =M, - M, ~2 M,

fast oscillation

Conversion of matter to anti-matter



Mixing and Oscillations

4 Weak Eigenstates propagate according to Schrodinger:

N / : N/ N
= 0 _ il _ il 0
A Il I R A |
S at| B v~ oy - L ]| B
S| Diagonalize \ 7/ \ 2 2 /N /
< _ _
CP Eigenstates: 1B = |B%+ |B% |B™" = |B%- |B%
Y Mass Eigenstates: |IBYY = p|B% +q|B% |B-) = p|B%°-qg|B%
Heavy Light
For the BY meson:
Am =MH—ML~2M12\
ALCET, =T~ 20,

AT, =T, - Ty ~ 2Ty cos¢, |

F,-_'l'FH_ f=l

2 T

T, =

8

¢s" =arg

Tiny for By meson, but

not for BU | eigenstates propagate
with different lifetimes!

_ ME] - 0.004 in SM
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Mixing and Oscillations

} Weak Eigenstates propagate according to Schrodinger:

N 4 - i\ ( _q )Probe entire matrix
1 I e G ) PSS
E Diagonalize \B / \M;— 1212 M- l? / \B /
h CP Eigenstates: 1B = |B%+ |B% |B*") = |B%- |B%
Y Mass Eigenstates: |BYY = p|B° +q|B° |B-) = p|B%-qg|B%
Heavy Light
For the Bg meson: Whole new window for New physics —_— et
Ams= M, - M, ~2 M, Sensitive for NP
ATV=T, T ~ 2T, Not sensitive for NP

AT, =T, - Ty ~ 21T, cosg. Very sensitive for NP

ro-le+tlw . g1 Za;ﬁ?‘" = arg

2 I

12

~ 0.004 in SM
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Frequency of Oscillations

Decays: By — n "D, (¢7™)

BE — 1D X,. n f K+ ‘5elec+|on I

measure Bs decay length

%
||

b-Hadron
X ‘ tag final flavor I
p
e

tag initial flavor using tag initial state using
opposite side information same side information




Decay channels

hadronic

e all decay particles reconstructable
—>better time resolution

e |ow event rate

® higher combinatoric

more sensitive at higher Am.

semileptonic

high event rate
Vy momentum not measurable
=> sensitivity proper time limited

by momentum measurement

more sensitive at lower Amg



CDF Signal Selection

+ - +nN-—
B, — utD, (¢m) X B, — m7 D (¢m)
1 CDF Run I L=1.0f0"
CDF Run Il L=1fb o
i = gata
6000 = data — fit
™ - fit ”_g_ 400 "
g | B, signal = B DK
i} - false leplon & physics g = . ]
= comb. bkg. o 30 . B — D'w/K
4000~ - B Dp
Qo [ s T g
j= 8
2 s 2 b DX
e m J—
% 5000 L We-ox
2 S A=A
S % § . comb. bkg.
;‘:1-‘. ......" _; .

e L e e sl 4 4
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b7 mass [GeV/c)]

M |
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DD Signal Selection

B, - 7D, (¢m) X

Bs — ' Dy (¢m)X - DG Run 8 Prefiminery
64500 semileptonic events S w0 JLdt=1.3fb1 |
_ D@ Run Il Preliminary (Runlla) S 35 Seo
e ,[.r it=131" é %0 =:-;§:;
> m ’ Ru n I Ia E 25 | | -B:—' D:'wr
8 B, -+ Duv, X, D, — on 1 —
= 5000 20 =60
S 4000 15
% 3000 10 +
5 m : i i i PR | IR TR TN N N TN T NN YOO U TN T T O Y T T N |
1000 46 48 5 52 54 56 58 6
mMkk)(GeVic?)

07 798 18 2 2i 2.2
M(““}R(Gewc )

Only 250 reconstructed and tagged
hadronic events (CDF ~500)




Decay channels

CDF (data sample size: fLdt = 1fb~!):

channel candidates

B, — (D, X 61500

By — 7 D] (¢7) 2000

B, — n~ DT (K*(892)'K™) 1400

B, > DI (n7n 7w 700

B, —» 71 ntn DI (¢pn™) 700
Bs —» m n DI (K*(892)°K™) 600
By, —»n nn DI (n7n ") 200
partially reconstructed 3100

D@ (bigger dataset also includes resolution improvement through LayerO):

channel candidates improvements
By — pt D, (¢m) X | 44777+415  |data: 1.3 fb = 2.4 fb!
B, — e D (¢m)X 1663+102  |data: 1.3 fb! = 2.4 fb!

B, - " D_(¢m)X new channel
B, — u D, (K*K~)X| 18098+903 |data: 1.3 fb?! = 2.4 fb~!




Amplitude scan

HTi LT\ i Asymmeftry
|
U time Motivation is to
IAIRIRIRIRY e !
simplify combining
results with other
Power spectrum experiments

A“"-.--'-‘-.-----...-
f Am frequency
: Purity of flavor tag

. |
R o N1+ (1 — En}ﬁcﬂﬁ(&fnﬂf(:ﬁfﬂ*))
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CDF Run Il Preliminary L=1.
20

B.: Am_, Frequency of Osci.
q Y K

LN S
Semileptonic+Hadronic D@ Runll Preliminary 3 0 \j
% 4 f- | | | | | —f = -15_ +date-1 |
2 [ ¢+ dataxlo a 95%CLlimit 16.1 ps’ A e e L
. b 0 0.05 0.1 0.15 0.2 0.25 0.3
i 3 5 1.645 0 © EXPECtEd limit 27.3 pS 1. 5 CDF Run Il Preliminary Decay Time Modulo 2n/Am,
E 2 - Bl datax1.6450 _E = % ~ + datati1c 4 95%CLImit  17.2ps’
< “F [ data+1.6450 (stat unly) £ 1.5 16456 O sensitivity
[ E 4f Mldatat16450
< - data + 1.645 & (stat. only)
o5p
-
: 0.5F
: [ . _"'4_. . J '1 f—
.Eu:_-_-_-_-r-_-_-_-_-_-:-.":'_..'_- . 155
L —T i —
L < | 310 Ldt =2.4 fb” “E
'3-_-55— ''''''' \'/‘ -------- / p ok A IR BRI SRR U SR R
L | o ] 0 5 10 15 20 25 30
-4 b 955 I1'4 16 18 'z;u 27 24 z'sl 2630 | | - Am. [ps

0 5 1015 20 25 30 Power of hadronic B? — D,m(X) decay mo
Am (ps'l) & two-displace track trigger

DA, > 30 significance CDF, > 50 significance

| Am, = 18.56 £ 0.87ps | | Amy = 17.77£0.12ps "




CP Violation

df Vud V-u,s Vub d
s = Vcd I/cs V&E} S
b’ Via Vi Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

e.g. 43 in MSSM




CP Violation

df Vud Vus Vub d
s | = Vea | Ves | Ve S
b Via | Vis | Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

By unitarity * N . _
condition VuaVy + VeaVey, + ViaViy, =0

Im ° Does it return to zero?

“ °* Measure lengths of all sides
°* Measure all three angles

* Consistent?

- Re



CP Violation

df Vud V-u,s Vub d
s' | = Vea | Ves | Ve S
b Via | Vis | Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

By unitarity = x -
éjondition VudVip + VeaVey + ViaVi, = 0

Golden mode,
B factories

BY —— J /K

in 2
Vrd Vt;) ngg %

*

Vcd Vcb

CP violation through

tri aﬁ;elg S Iop interference of diagrams
to level of with and w/o mixing

CP violation 1
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excluded area has CL > 0.95 |

Not much room for New Physics!
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First assume no CP violatic
in B, mixing, ®.=0

X BS_>D5(*)DS(*) CP and mass eigenstates are the sar

x Three channels
% [D.D, (PP), D,*D, (VP), D,*D,* (VV)]
x Heavy quark limit + factorization
x Boddp *D_is forbidden
« 0D, in S-wave (s, 00 = (2 10 7))
x = Ds(*)Ds(* pure CP even
x Flavor specific B, lifetime
x Flavor specific decays carry equal amounts of B,, and B,

x Get flavor specific lifetime if FS data with is fit w/ single
exponential

1
—t/TFs — . —t/’rH —t/TL
e 5 (e i (2 )
x B—~JT/po: P—> VV

x Even and odd paths distinguishable with angular analysis of final
state particles !
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AT from B.—D (D (¥
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B, Flavor Specific Lifetime

Know flavor at time of decay from charge of decay product
; 1
—|Bs — DsIIV> = \72 (IBH> -+ |BL)) 50% CP-even, 50% CP-odd at time 1

o~
-)
—
-
S D
S -
= 1 1+y Al = ¢ \
o, . & th — 8 3l D, 0.4 fb
L [TFS = = with y = — §we
3) I, 1—y? 2 &
< S y o
= 10%E
e =
U -
: -
©
O 10
% 3000 =
§ -
T 2500 g L
g Fatggt” P 1 =
o 2000[cr0: o, .
§ 1500 ¢ ¥ 107! L i/
2 03 -02 -0.1 0 01 02 03 04 05
c Pseudo Proper Decay Length (cm)
O 1000
5003— D+—) ¢,7'L’
T T | RIS BN S B RN S

I~ | | | | | | | ,
975 18 18 1.9 195 2 205 21 215
Mass(¢ ) [GeV/c?]




B, Flavor Specific Lifetime

B, — Dy (n°)) = 7(|BH>+|BL>)

B, Flavor-Specific Lifetime

1 1.2 1.4 1.6 1.8
CDF, 1.6 fb™, CDF Note 9015 L e s B S B S B
T -1
EDF Run Il Preliminary 1.3fb &%{EPH 91-95 ; n “ 154 ©1 004
* Data i TR S 1.36 :0.09 %
- —— Fit Result EELF'HlQFES . & " 1.42 mﬁ:; .0.03
= D=
o OPAL 90-95 +0.16
g —— DK+Dp+D*n+B_others b.x * & « 150 - 0.15 =0.04
S 1o —— B"-DX, BDX, AX SRg 0 e 1.3810.055 0%
2 | "5 a8 —t— 1.517 +0.041 =0.025
1]
Do 02-04 +0.028
Lﬁ DX H—k—H 1.398 +0.044° .
S _______________________________
Average +e- 1.455 = 0.030
1 | 1 I 1 | ] I | 1 | I | [| | I | 1 |
1 1.2 1.4 1.6 1.8
0 0.2 025 0.3 T i
o () B,’ pPicoseconds



B—J/y ¢

x Heavy (H, CP-odd) and Light (L, CP-even) B, states

AT, =T, —Tpy; Ts=Tr+Twu)/2 7=

/S ¢ Not “flavor specific”,
Zh'S predicted to be more
: c CP even than odd

: JM

x Decays into two vector mesons that
are either CP-odd (L=1) or
CP-even (L=0,2)

x Time-dependent angular distributions
allow separation of components

x Simultaneous fit to lifetime

AnA thran annAalAac 1




aI’XIV/08022255 arYir/-N74D DAQ

: DO ,2.8fb" * Data CDF I L=1.7 b
: B9 ; oo — Total Fit even / = 800F . pata Signal
2{]0-— s CP-even A B 700:_ —Fit e CP-even
- 5.26< M(B,) <5.46 GEU v+ CP-odd llght Q "¥Fr — Background -~ CP-odd
- t/o(ct) > 5 - Total Signal 8 500F
150 ct/o(ct) > —_— E.ackgr_c:und C + +
s t S 500, ++ . +
— : —+—
wf- L + AR
- | ~EP-even \
ED_ il i " C
: T SLEL AL R AL B RE AU BT 0 eimim CF‘ ﬂdd E«
- RTILELE 100_ _________________
'I l ] L1 I 1 1 1 | L B 1| ] L1 1 I 4 1 1 I. L4 1 | L1 1 I 1 | | :
07" 08 -06 -04 -02 -0 0.2 0.4 0.6 uﬁ'_*!\ odd / e T I e
Transversity h —30 05 0.0 05 1.0
> 500
2 [ DO,28fb * Data eaVy cos(yy)
o B + — Total Fit N CDF Il Preliminary L=1.7 fb
16 400 s N — Prompt Bkg L 400p . Data
() 3 § — non-Prompt Bkg > - )
L Rl £902506+51 [ =
é 300 1 ' | o 300F — Signal
% . LAt ‘53250'_ — Background
S 2001 " D
A : 2 200
11976+65 Candidate By S b
=
100\ 8 100 by
C i + + [
B S0
0575253 54 55 56 57 58 b oA Y I

Mace /R2aV/\ 5.30 5.35 5.40 5. 45



First assume no CP violatic
AI' and rs in B mixing, ®.=0

c CDF 1l Preliminary L=1.7 fb” ” CP and mass eigenstates are the s
i . El .
= o P 3 DO ,28f" Data
Q 10°F - Slignal 2 50y — Total Fit
E’. : — Background fma s=Jdpe Total Signal
o - CP-even e |} Mass 5.26 -5.46 GeV ... cp_oyen
E (s S O CP-odd G0 e
5 f " % — Background
— B ' Tl . . .
8 s S 10 Different lifetimes,
r/ ".’frn * | l
Iy w1 LG 1
' TR : o
| ‘ ~ 'II"\ ‘ N |' ]
TN S E NN 1053 001 02 03 04 05
0.0 0.1 0.2 0.3 ct (cm)
arXiv:0712.2348 [hep-ex] ct [cm] arXiv:0802.2255 [hep-ex]
AT, = 0.076 g 0ea £0.006 ps™ | | ATy =0.14 +0.07ps ™'
7o = 1.52 4+ 0.04 + 0.02 ps 7. = 1.53 4 0.05 + 0.01 ps
1 2 3y -
Ty = c.f. ATSMPred — (0,088 + 0.017ps™ ' (hep-ph/0612167)

[ D S



CP Violation

df Vud V-u,s Vub d
s' | = Vea | Ves | Ve S
b Via | Vis | Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

By unitarity = x -
c?ondition VudVip + VeaVey, + ViaVig, = 0

Golden mode,
B factories

B’ ——J/YKg

in 2
Vrd Vt;) ngg %

*

Vcd Vcb

CP violation through

tri aﬁ;?g S Iop interference of diagrams
to level of with and w/o mixing

CP violation 1



CP Violation in B, System

Explore new part of matrix I

df Vud V-u,s Vub d
s = Vcd I/cs Vt-fb S
b’ Via | Vis || Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

Bs unitarity 1/ Vi + Ve Vi + ViV =0

condition
ﬁfM = arg[—Vis Vi, /Ves Vi)
vy ~ 0.02
1 n ts tb . !
Squashed" (p,n) V. Vo Tiny
Triangle /= Bs
———




CP Violation in B, System

Explore new part of matrix I

df Vud V-u,s Vub d
s = Vcd I/cs Vt-fb S
b’ Via | Vis || Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!
Bs unitarity /. N+ Ve Ve + ViV =0

cond|t|on

Golden mode,
Tevatron

By —— J/i
”’4 %
Vis Vi

llsquashedu (p }? ) W 'CP VIO|8.’[IOF'I thI’OUgh
Triangle /1._ cs Teb B, Interference of diagrams

—2.  with and w/o mixing




x How could New Physics affect these phases

~0.04
S M > Y * * S M NP
2-"155 =2 dlg[_mﬁ ib/I/CS } 7 2’35 — Qs

cb Subtracts from one,

SM 1, SM NP  adds to other
Ps = a'lg[_;\'[l?/rl?] — Ps + @
~0.004

x Both CDF and DJ measure/observe the phase
responsible for CP violation in B, -> J/vy ¢ decays

_ , ~ ALNP
(355- — _265 ~ (ba
DO CDF If large

x Use flavor tagging to identify initial flavor of B, or
Anti B, in J/y ¢ decays (and know value of Am,)



CP Violation in B.—~J/y ¢

x Even without initial state flavor tagging,
have sensitivity to ¢,

CDF arXiv:0712.2348

P —90%

S r
‘v i : I

2 o6k Confidence region: 4 Standard model

é [ ... 95% Il New physics models

28,
DO PRL 98 , 121801 (2007)
— 10.14

For one of the ambiguities

x Bg_’r. 4'-.fold a_mbigui'ry, reduce to 2-fold



CP Violation in B.—~J/y ¢

x Now use initial state flavor tagging

—> CDF arXiv:0712.2397
CDF arXiv:0712.2348 : 1=
N s . - — 0.6 =-sm predi-::tinn;; ‘}
S 0.6]- “g0or e 9™ 4 Standard mode @ [ —68%CL i %
E L ... 95% Bl New physics models : 0.4 ---95% G.L.*_.r‘
B an - - ;
- 02:_ f,..- "u".“,
SR :
0.0 7" Rt
_02:_ :‘"'_ﬁ‘ . ;f‘
0.4 :
| I T W B S— -D'B'_ I B “.“-:‘:: | ]
> 0 2 2, 5 5 o j)
Standard Model °
Probability = 6.6%|
~1.50
x  Ambiguities Strong phases

(relative phases between polarization amplitudes)

26700 s _937/Y¢ AD. — —AT. 61 — 21 — 6 01 — T —0, I



CP Violation in B.—~J/y ¢

x Now using initial state flavor tagging, constrain strong phases

CDF arXiv:0712.2397
CDF Run Il Preliminary L=1.35fb" — |
: ' DJ Flipped arXiv:0802.2255
— 0.6 — 2alog(L) =5.99 =—0.4¢
g [ — 2alog(L) = 2.30 EO 32_ DO, 2.8 fb' 90% CL
: 04: == SM prediction L|m - E - B:%'Jhp ¢
< goF “o0.2F P
&t SM : AM, [ 17.77 ps
0.0k 0.1
0.2F | o
| [ constrain strong phases BaBar: -0.1:— — SM
-0.4[ ==+ 2al0g(L) = 5.99 - Bl AT = ATy, x Icos(¢)!
L PRI TN TN TN T NN TR TR TN TN (N T T T T [N T T T T [N TN TN TN S SN SO WY WY
p "ot 2alog(l) = 2.90 j 0%745 4 05 0 05 1 15
oep o 2p_ = -9, (radian)
-2 0 2 -
2f (rad) Standard Model
. . , 3 Probability = 6.6%;,
Confidence regions underestimated -1 8
using 2AlogL -
s . .. | |
Amblgumes Constrain based on B3 observations



¢, Measurement

Observables: Semileptonic asymmetries, interference in decays to CP eigenstates

u* w
Two samples ’\’_ - _BE_ --p-- _/71/“

Exclusive untagged D u = >§D —
— - - S
Inclusive like-sign uu U \_ i this versus this i / U
[ — e - s —_ [ — lllllll“-->"7
> --BB---B- <V
>§D +
- - S
N(DSM+) — N(Ds‘u_) = A, (untagged) = £tan(]b
N(D,u" )+ N(D,u") Am

N(M+.u+) - N(M_M_) = A, (tagged) = 2 A, (untagged)
N(uw ' )+N(u u)




Same sign Dimuons

N(M+‘u+) B N(M_tl’l’_) _ ASL (tagged) = ZASL (untagged)
N(u u" )+ N(u u)

~60/40 mix of B, and B, Z~2y

/2,
Ay = Ag (By)+ % Ay, (B,)

Aq (B;)=-0.0047+0.0046 (HFAG, B-factories )

A, (B, uw) = -0.0064 £ 0.0101

Regular flipping of polarity of solenoid (tracking) and toroid (muons)

mnnnote oecontinl far rantrallina evetomantircr iinFortaintioc



Exclusive D ) - )
M NOK)-NOW) _ 4 ntagzedy =L tang
N(D,u")+N(D,u") A

ASL (Bs’Dstu) =

0.0245 +0.0193 = 0.0035

DO Combined:

ASL(BSNulu-l-DStu) —
0.0001 +0.0090

M‘I Using Am_ from CDF:

3 8 8 8 38 8
TR T T T T
I"[:'|~+ [T

Al -tan¢g =0.02+0.16ps

.....................

mmmmmm

=
A
S

New

CDF: 1.6 fb™!, CDF Note 9015| \ ay; = 0.020 £ 0.021 + 0.018 \ I




¢ Results

PRD 76, 057101 (2007)

. 0.5¢ :
3 0.4 2 % Constrained ——e@ DO, 1.1 !
T EEB}>Jyo
 ©0.3F .
3 - RLTLS Combined
0.2 semileptonic
- charge
0.1 asymmetry
C band
0
0.1 E_ + Constrained *
-0.2 ;— - ¢’ — 0 70+0.47 A
03F s ~0.39
-0.4E _
0.4F B AT = AL, - Icos(s)!
_0.5 -I 1 1 1 I L1 L1 I 1 L1 1 I 1 1 L1 I 1 1 1 |l I L1 L1 I
-3 -2 -1 0 1 2 3

¢, (radians)

Combined with older DZ analysis before flavor tagging



CP Violation in B,: Combination

x In B.—J/y ¢ flavor-tagged analyses, in (AT, ¢.)
space CDF has ~1.50 deviation from SM, DO

~1.80 deviation, consistent with each other

x Need to be careful, non-parabolic
log(L), multiple correlations
(best is simply more datal!)

:;zor— D@, 2.8fb1

5

-2In(L/L_

1
10;

5
03 "1 0™
0, (radlan)



UTfit results

UTfit group, arXiv:0803.0659:

Amyg, . ?;:Eﬂ AT, Trs Add only CDF B — J/vé All combined (using D@ Gauss.
.;é* X %E; : g uf" o assumption)
z z S s
E E E
e
o
-50 0 50 ' )
. 65 ['] 50 0 50
£ = S
3 4 | Add > 30 deviation from SM
z : . only D, o
s ; ' ikeibdoy © Intriguing, results from D@,
. no corfelations ~ CDF with more data coming
soon; CDF+D@+HFAG

-50 0 50 1 1
Ny also working on combin.

Next talk from Marcella Bona



Direct CP violation in b Hadrons

x Direct (not through mixing) CP = i i
violation expected to be large in i, CDF [ =
some b hadron decays, including B % s CLSEA
mesons and b Baryons § - - o

x Measure asymmetry: f=final state & s =EE;’£ETL

 NBoD-NB=f) s R gt
“r N(B 7 f) T N(B 7 f) 5 III._5’.4 5. 5.8
x CDF: Br's and asymmeftries of y zoom
two-body charmless states, B—~hh" £ ™ e W
CDF Note 9092 ?i o I::K'Mﬁ
Acp(A? — pr~) = 0.03 + 0.17 £ 0.05 g e R
Acp(AY — pK~) = 0.37 £ 0.17 £ 0.03 5 1s0f
x Expectations, asymmetry ~30% 1:2

x First CP asymmetry measurement o3

in A harmsan Aorave



x D@: Small (~1%) CP asymmetry
expected in SM for B*—J/yK*

DO Run I, 2.8 fb™

x Again, frequent solenoid and el — o
toroid polarity reversals oo, o
essential to control charge 57 Y o — o
asymmetry systematic P . ”;5-;”*“
Uncer‘TCllnTIeS - 2000"‘"--_;_ _____ E.‘h“.

x Correct for K*/K- asymmetry B m( J,;SK);ge\ﬁ,’,‘;;]’S"*'”

x <1% precision factor ~2 better

than current world average
Aop(BJF — J/I//?K+)
= 4+0.0075 + 0.0061 4 0.0027 |

Accepted by Phys. Rev. Lett.
arXiv:0802.3299




x B->|* |- decay is helicity suppressed FCNC +

x SM: BR(B,op'w) ~ 3.4x10° — T, S
x depends only on one SM operator in effective (P u
Hamiltonian, hadronic uncertainties small g W
B, relative to B, suppressed by |V,,/V,|? ~ ;
0.04 if no additional sources of flavor b < A S
violation th Y,
reaching SM sensitivity: present limit for S A N

B.-> u'u comes closest to SM value

SM expectations: Current published limits at 95%CL.:

Br(B,—/'F) | Br(B.—II) Br(B,—/'F) | Br(B,—/'F)
=e| 34x107 | 8.0x 1014 I=e | <6.1-108% | <54 -10°
=y | 1.0x101° | 3.4 x 10° I=u <1.8-108 | <5.8x10°
=7 | 31%x108 | 7.4 x 107 I=T <2.5% <5.0%




Purely leptonic B decay

x excellent probe for many new
physics models

x particularly sensitive to models w/ ¢
extended Higgs sector

x BR grows ~tan®p in MSSM
x 2HDM models ~ tan*p _
x mSUGRA: BR enhancement

R, violating: ,

correlated with shift of b ) o
(9-2), > KN <

x also, testing ground for s u

x minimal SO(10) GUT models ep

x R, violating models, LHT
contributions at tree level Apv 2

x (neutralino) dark matter ... N v ordienon

1 10
Br(B, — n' u)x 1(



x Preselection of Di Muon events

x Normalization channel B*—J/pK*

x Background estimation using
sidebands

x Background reduction using a

LHR (D) or NN (CDF)

Runlla

i
(3]

Events/5 (MeV/c?)
- (—; N

O
(3]

-D@ Run i Prelim_inar?( )
- Sideband 1 Signal region Sideband 2

0.8 £ 0.2 events
Observe 1 eyent

o
1

46 4.8

5 52 54 56 58 6

6.2 6.4
Invariant mass (L™ W) [GeV/cz]

M,/ GeVic?

Fraction per 0.01
a

NN |

- CDF N (210"

— MC Signal

--------- Data Sideband

L . | I L 1 L L L L
0.2 0.4 0.6 0.8
Vun (NN Outpu

. . -1
CDF Il Preliminary (2 fb™) 2 EMU-&
: n - Ii.h & an,m o
L & o ry
58: & an “
- g : .
— & &A
5.6_ N = [ 5% & " =
54 °, B R e BBS
.- = . af. I
S I.A =l - :i‘;‘
5.2 aen o f S r - [ Bc
le = Al .;a - m . - ",
: - Q Py - .. !&
5_ » - - [ ] u= A-. y
. o
B = a & " .. a N &
4.8l__- - .:m L . A :. AA.AA3
- [ T = & f. .
i i d
0.9 0.95 1

NeuralNet Output (NP



Relative Normalization

5]

Bt
NUL E:p,'*'u,—K

B(B* — J/y(utp ) K*)

gg+ /g5, relative efficiency of normalization to signal channe
f /f fragmentation ratio - use world average (3.71) with 15%

uncertainty

€54 /€g, relative efficiency for By-> u+ u- versus B.-> u* u- events in
B, search channel (~0.95) R = BR(B,)/BR(B,) is small due to

|th/ Vts | "2
Br(B,->up) 2 fb-1 7.3x10-8 Prelim.DD
Br(B,->uu) 2 fb-! 4.7x10-7 Prelim.CDF
Br(B.->up) combined 3.6x10-8 HFAG

DO Note 5344
PRL 100,101802 (2(



Rare decays constraining NP

5 Phys.Lett. B538 121 2002
e e A 1000
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X

long-term goal: investigate b -> s I* |- FCNC transitions in B*,
B, and B, mesons
B*-> |* |- K* and B, -> |I* |- K* established at B factories
B, -> I" |- ¢ only accessible at the Tevatron
x SM prediction:
x short distance BR: ~1.6x10-¢
x About 30% uncertainty due to B->¢ form factor

2HDM: enhancement possible, depending on parameters for
tanp and M,



5001 (s a)gde

(1 Jd8=q)N\¥

<
[

Physics” contribution

Sensitive to “new



B->upnh @ CDF

arXiv:0804.3908
CDF Run Il Preliminary L~1fb”’ CDF Run Il Preliminary L~1fb”" CDF Run Il Preliminary L~1fb
ﬁg 201 ® B —eup K* Data h& 8 B K Data “‘E 5 s B,—ppo Data
g [ —— Eignal region E Bl ) —— Signal region E —— Signral region
E — mideband region % — Sideband region % a — Sidebard regien
Z 15 ‘ —— Extrapolated il & —— Extrapalates lit g —— Extrapolated fit
P
& 10 L".r..' | | 3 S , \l [
O 51 52 53 54 55 56 5.7 05 51 52 53 54 55 56 5.7 %5 51 52 53 54 55 56 5.
m{upk’) (GeWe’) mipuukK?) (Gevic') mipug) (GeVie)
Mode BY - ptpy K'Y | BY - p K™Y B - uptp= o
Ng 90 35 11
_N'B-:r 45.3 £ 5.8 16.5 & 3.6 3.04+1.5
Gaussian ﬁigniﬁc&nce 4.5 2.9 2.4
Nireh 6246 £ 79 2346 + 48 421 + 21
€utu—nlCrien 0.71 £ 0.01 0.74 + 0.02 0.84 + 0.02
Rel B &+ stat & syst = 10~ [0.539 4+ 0.15 £+ 0.03]0.62 = 0.23 + 0.07]1.24 =4 0.60 £ 0.15
Abs B + 3_hn‘ =+ syst x 10 “[(060+0.15+ 004|082 = 0.31 = 0.10[1.16 = 0.56 == 0.42
Rel B 95%CL limit =10—~ — — 2.61
Rel B 90%CL limit x10 * 2.30




Branching ratio overview

+ + —prF 0 -
BR(B — p"wK") BR(B'— uw'wK*)
....................... —_— — —_—
BABAR'06 0.3177:0.03 BABAR'06 0.87"7+0.12
| " q .12 " . | 4133
BELLE'04 0.63),,-0.03 BELLE'04 1.85).,+0.10
A f . i
I CDF prelllmlnary 0.60+0.15:0.04 CDF preliminary 0.82=0.31:0.10
I 4 | i — |
MEW average 0.52:0.08 NEW average 1.180.20
F—— fndf = 3.4/2 —— ¥ Indf = 5.7/2
....................... N | N L n | N 1 N L L
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 1.5 2 2.5 3
x 10° x 10°°

Need more statistics to measure charge asymmetry
vs. invariant di-lepton mass and to add Bs channel!




x Am, established and well measured at the
Tevatron

x B. system and CP studies opening a powerful
new window: possibly already providing hints
of new phenomena?

x Limit on rare decay B.->u*u~is getting more
and more stringent, help constrain physics
beyond the SM

x Other FCNC (b-> sll) decays test the SM

x Tevatron doing very well, expect to at least
double our data-set by the end of running



Back up slides



x Cut on Mass region of di-muon sample 4.5 < muu <7
GeV/c2

x Two medium muons with a net charge of zero and a
bt greater than 2.5 GeV

x The triggered muons have reconstructed tracks in

the tracker with

x at least 3 hits in the Silicon tracker
x at least 4 hits in the Fiber tracker

x Good reconstructed vertex (y%cut)

x Cut on the uncertainty of the transverse decay
length o(Lxy) < 150 um

x A minimum pT of the Bs candidate of 5 GeV is
required



xAdditional cuts on the Kaon and B candidate are:
x Kaon pt > 0.9 GeV/c
x Collinearity of > 0.9 is required

x v2 of the vertex fit contribution not more than 10, together < 20
x Also cut on the LHR cut like the B,->u*u~ signal
. 600
=P
S 500
2400
4300
=
200

-D@ Run I Prellmlnary 2 b’
F o Jy K | —Run IIa
—Run IIb

5 51 52 53 54 55 56
Invariant mass (u* @ K*) [GeV/c’




Likelihood

-
=

E’ C £ ok Signal MC
£ 0.06 ... Signal MC E — Sideband Data
e - ol -2
< -~ Sideband Data < 10 0 w
oos- o e D@ Run lla Preliminary
0.02 e A [ 1
. 104} o) ] =10 — Sisnal MC ,.rrlj
% 0.5 1 ] 1 ] 3 = g
Isolation Pointing angle o [rad] E — Data
£ 0.06f e . F - Signal MC 1 0-2
= S L 11 - —_—Qs
% u — Sideband Data :§ Sideband Data
= o004 =
L 3
0.02- 1 0
1 L 1 1 L L L 1 1 1 P | I A 1 L 1
o- 6 20 - 4‘;hh~6'°‘" “80 ;oA 020 04 08 06 0.7 08 09 0 0-2 0-4 0-6 0-8 1
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£ - Signal MC
E o2 — Sideband Data g = - Signal MC
2 = 3500 — Sideband Data
< 5 3000
r 2500
0.1 j 2000
- 1500
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Systematic Uncertainties

Source Relative Uncertainty [%]
Runlla RunlIb
f; w/ emj 6.7 9.0
# of B — J/Y K= 3.2 5.7
B(B* — J/¢YyK*) 4.0 4.0
B(J/vY — pp) 1.7 1.7
fospo/ fospt 12.7 12.7

background uncertainty 25 33




B—J/y ¢

Time evolution: pure even case

L(t) =|A4,.,0.9,0,0)|

f(t,even) =e™ '

Time evolution.: even plus odd components

2 2
r(t) = ‘Aeven (691}) S (pﬁ t)‘ + ‘Aodd (891/} S (pﬂ Z-)‘
+ A* A(C 'PC ) < CP conserving interference

f(t,even) =e '+ T—nu

- CP states = heavy, light states

f(t,odd)=e ' <+ |




Time dependent angular analysis of untagged sample

Time

evolution: even plus odd.plus CPV

-

y. 2
[(0) =4, (09,0 +[4,,,0.9,¢,0)
+ A A(CPC) _
) <4
+ A A(CPV (e —e " )sin ¢,
f(t,even) = (1+cos¢ e ' +(1-COSQ

f(t,odd)=(1+cos¢ e " +(1-cos¢ e *

Heavy and light states are
mixed CP



Combined AI" (cos¢=1)

: Fla DY, 1.1 fb"
S i m B Uy o
i * Constrained
- 0s=0
o SM
- \ Br(Bs—~ D¢’ O¢°)
_ . (not in constra
13 135 1.4 145 15 155 1.6 1.65

Ts (PS)




B.—J/y ¢ Results

-1 -1
AT (ps!) Al'(ps)
g F Flavour Dé, 1.1 fb” 2,4 DO, 111 _
< oaF Specific WA 0 T E mB s Jyo —2Alog(L) =1
= F Lifetime B> Jyé ~0.3 8 .
< u . < .,
0.3 yr Constrained 0.2 i m =
E 0.1 ".,A
0.2 :— -0
- -0.1
0.1;— 0.2 o o
0_ -0.3 — SM
- -0.4 . AT = AFSMx |cos(¢s)|
_0_1T||||||||||||||||||||||||||||||||||||||| _0_5|lll|||l|||l|||||||| |||||||| I O NN N O NN OO O
1.3 135 14 145 15 1.5k 1 6R 5 4 3 -2 -1 0 1 2 _3, _4
T (ps) ¢.(rad)

Likelihood invariant to
simultaneous flip of sign of AT’
and even-odd strong phase
difference = 4-fold ambiguity




B.—J/y ¢ angles

=250

s [ * Data

g8 [ Ba = Jyo Total Fit
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Flavor Specific B, Lifetime

1

Flavor specific decays carry B, — D,uv) = ﬁq B,) +‘BL>)

equal amounts of By, and B,

/ 1 y / Get the flavor specific lifetime
e_t T = (e"t TH —+ e‘t tL ) when you fit F'S data with single

2 exponential
. 1 (147
FS = 4
rs 1 - yz
Maps out a 2-D constraint on the AT
average width and the width y=—
difference or

hep-ph/0201071
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Candidates per 11 MeV/c?

Charge correlation to isolate J

nnnnnnnn

Mads(o ) [GeV/c?]

sample

Transverse decay length
determined 1n lab frame

Boost back using MC to

estimate neutrino momentun



B—J/y ¢: P —>VV

Even and odd paths distinguishable with
angular analysis of final state particles

Even waves Odd waves
*
e2 ‘t :
) ) ¥
102L t‘

-| Proper time

:llllllllllllllllllllllIIIIIllIlllIIlllllllIIIllll
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000




B—J/y ¢

~ 500
asof. DD, 1.1 b’ - Data .
B 5 J/y o — Total Fit =
400 = — Prompt Bkg =

— non-Prompt Bkg

(]
3]
o

Bs > Jly ¢
ct/c(ct) > 5

Candidates per 10.0 MeV/c
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o
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